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WU Dandan, LIU Yan, GUO Pengfei, KUANG Haixue, YANG Bingyou 
(Key Laboratory of Basic and Application Research of Beiyao (Heilongjiang University of Chinese Medicine), 
Ministry of Education, Heilongjiang University of Chinese Medicine, Harbin 150040, China ) 
Abstract: To evaluate the differences from 3 different regions by chemometrics and principal 
component content determinations, we established HPLC fingerprints of Aconiti Radix and its 
processed product, which provided a scientific basis for the quality control of Aconiti Radix from 
different regions before and after processing. The HPLC method was established on a Waters 
SunFire Cig (4.6 mmx150 mm, 5 um). Acetonitrile-glacial acetic acid (0.2%) solution 
(triethylamine adjusted pH to 6.20) was adopted as the mobile phase for gradient elution. The flow 
rate was set at 1.0 mL-min'', and with the detection wavelength of 235 nm. The fingerprints were 
analyzed by the software of “Similarity Evaluation System for Chromatographic Fingerprint of 
Traditional Chinese Medicine”. The discriminant analysis of hierarchical cluster analysis (HCA), 
principal component analysis (PCA), orthogonal partial least squares-discriminant analysis 
(OPLS-DA) and partial least squares-discriminant analysis (PLS-DA) were employed, and 
combined with chemometrics and the determination results of principal components. The results 
were as follows: (1) HPLC fingerprints of 15 batches of Aconiti Radix and its processed product 
from 3 areas were established, 25 and 14 common fingerprint peaks were calibrated in 15 batches 
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of raw and processed, 6 peaks were identified by the mixed reference product. They were 
benzoylmesaconitine (peak 16), benzoylaconitine (peak 17), benzoylhypaconitine (peak 18), 
mesaconitine (peak 21), hypaconitine (peak 22), aconitine (peak 23). (2) Chemometrics showed 
that 30 batches of samples were clustered into two categories, 15 batches of raw products were 
classified into 3 classes, 15 batches of processed products were classified into 3 classes. Six 
components containing mesaconitine and hypaconitine may be the markers of the quality 
difference between them. (3) The content determination results of principal components changed 
in varying degrees before and after processing, and the determination results of some principal 
components in Sichuan Jiangyou producing area before and after processing were significantly 
higher than those in the other two producing areas. The fingerprint method which established in 
the study is accurate, repeatable, and reliable. Furthermore, combined with chemical pattern 
recognition, it could be used for the quality control of Aconiti Radix and its processed product 
from different regions. 

Key words: Aconiti Radix, HPLC, fingerprints, chemometric, content determination, quality 
control 
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Waters SunFire Св (4.6 mmx150 mm, 5 um), iÉ RE, ነሺ 2) 4H 73 Za HE CA)-0.296 UK ES B AK ZR VR 
(B. Z ZEZ pH 8 6.20), BAREVEA(O~8 min, 5%~13%A; 8-13 min, 13%~21%A; 13-25 min, 
21%~26%A; 25-50 min, 26%~26%A; 50-53 min, 26%~29%A; 53-58 min, 29%~37%A; 
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Ей 35 °C; 3፻ፆቾቹ 20 aL. 
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Fig.2 Fingerprint for 15 batches of Aconiti Radix and its reference fingerprint(R) 
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Fig.3 Fingerprint for 15 batches of Aconiti Radix Preparata and its reference fingerprint(R’) 
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Fig.4 Results of heatmap clustering of Aconiti Radix and its processed product from three regions 
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Fig.5 Principal components analysis scores plot of Aconiti Radix and its processed product from 

three regions 
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Fig.6 PLS-DA score scatter plot and VIP analysis of Aconiti Radix by PLS-DA from three regions 
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Fig.10 OPLS-DA score scatter plot and VIP analysis of Aconiti Radix and its processed product by 
OPLS-DA in Hanzhong, Shaanxi Province 

MDG) ree 10 Akamai a)l SHET OPLS-DA Эт, ደጄ! 15 AERIS 
(VIP>1.1), BUS ZA RX 8. RY Q^ (AAPA 0.792, 0.998. 0.994, RERED 
Blu B vp ДИИ Jes AY J 1 Wk WK 43 7 2 2K, WE 23 (Aco), 22 (Hyp). 26. 24. 32. 6. 19, 21 
(Mes). 34, 31, 10, 1. 15. 30. 27 WIZEX DY TTE TR P He tea Ля 1% ТЕХ PRK 
HEMS I cT BE 73 VU JT TE eS XL B Je HEART). VATERS HCA ЯП PCA ጃ 


202204.00013v1 


chinaXiv 


ChinaXiv& 


ቹጁት-፦8ጂ, И 11. 


4 


15 
ሯ o [ከ 
°з 


10 1 15 30 27 25 


45፡:0-. 
Pl 11. ፻911፲1,8/| Mats OPLS-DA 4327 A VIP ቋቭ፳ 
Fig.11 OPLS-DA score scatter plot and VIP analysis of Aconiti Radix and its processed product by 


1.14115*to[1] 
s 
Ld 
cm 


e« 


1.00003*ቨ1] 


OPLS-DA in Jiangyou, Sichuan Province 
WOON SABA PAH 10 Fadl at a IS 3xtfr OPLS-DA 2r, HEREA 9 “SFE RY 
(VIP>1.0), HU RX fü. RY [E OEDI 0.964, 0.999, 0.995, Zi aba FETE} 
Bu B vp ДИИ Jes AY | 5 S WK Ay 2 2K, E 2.22 (BAC), 1.7. 19,3.21 (BMA), 17 (BHA), 
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OPLS-DA in Mianyang, Sichuan Province 

SRE LIB PTT IER, AP BURY 3 NAS TPH 10 4171 S Kerri i Jes BS ЖЕ ЖБИ 
BAr He 30 111] S Kal Bd Jes BY 28 Fr TE RT ETT aS EON: fH 4 PSEA eR, 
ታ81፲ቹ 1. 19, 21 (Mes)fll 22 (Hyp), EXACT KES, 2009 FHS 44 — EL, BETA 
Шут XL UR RB i FY ВЕ 7 J 1S, Kr B Je EE ee Es JI 3 AS TP 11 ተ፲፳ 
FETE RY, JPG AWE 11. 13. 19. 20. 21 (Mes). 23 (Aco). 24. 27. 31. 32 #1134, 4 
AHR GEIS, 2020), TSETEVAESE SS SE REA A RI ЛЕНЕ )1| ERE ee RAT. HI 3 
ANAS TP eH 6 4S SE SEY Ee EM), ታቭመሟቋጁ 5. 16 (BMA). 17 (BAC), 18 (BHA), 25 
A 29, WIARE FR PB SK Ja. ASF S SK ИРИП ASF GE VS Sk Jes e RT ЙЕ 7 Ai [8] = Hh 
HS УТЕ He EMP o 
2.3 FEF BRAR 
2.3.1 PEK ARG EX 

DAAA TR EBA E XO) SIRT AR AMAR b Y), BEAT ZR PETIA, 42] Mes. Aco, 
Нур, BMA, BAC, BHA YZ E [8L H7; FEA BIA Y=1 430 998 172X+203 326.359 (r=0.999 0), 
Y=14 679 346.961 8X-37 144.522 8 (r=0.999 7). Y=16 104 467.116 6X-50 882.606 4 (r—0.999 
7). Y=16 143 894.811 5X-271 765.766 7 (r=0.999 6), Y=26 224 738.888 2X-121 965.41 (r= 
0.999 5), Y=28 537 646.881 8X-454 764 67 (r—0.998 7), {Ей A) FW 0.012 7—0.317 0. 
0.012 7—0.318 0, 0.012 0—0.300 0, 0.078 0—0.900 0. 0.013 0—0.150 0. 0.016 9~0.195 0 
mg:mL . 
2.3.2 J8 25 BE 25 SX 

it! Mes. Aco, Hyp. BMA, BAC, BHA Ji 4289 RSD ЭЖ] 1.6996. 2.3196. 2.02%, 
3.05%, 2.90896. 3.66% (n=5), ኗጩ Ast as ER. 


FERATI 


2.3.3 tare tHE 

ТЖ. Mes. Aco, Нур, BMA, BAC, BHA ቓመቭ፤፲በ RSD A 5A 3.6496. 2.9296. 3.8196. 
2.58%. 1.69%, 3.99% (n=6), AHA HEIN VALE SS ZR IE P 24 h ጸ፳ኗ፳. 
2.3.4 BR VERS 

ТЖ. Mes. Aco, Hyp. BMA, BAC, BHA ЩИ) RSD ЮЖ] 3.75%, 3.8896. 3.0896. 
3.1996. 2.9696. 2.01% (n=5), RIZ iki Eg. 
2.3.5 ;)ፆቾመጆዛጆቹጃጃጩ 

itt Mes. Aco. Нур, BMA, BAC, BHA IE JS FE ЕП S FIN 97.9796. 98.6596. 
97.9196. 98.2096. 97.0296. 100.0196, RSD 208177 4.7596. 4.0896. 3.2896. 3.9996. 4.0696. 
2.91% (n=3). 
2.4 FEMER 

30 Fhe eee til) B EAI S REWE RLS 1 HE 2, AR SEU P il J 1 SS E m BY E E Ж 
HREM UTES MB. Bru UN EGR a, 370542815; ry 
ነ, Br? J1|.5, TS ARA 3E or S] Pa SP, ЖЕТЕ So EUR 5 
OXA(REYL^R, 2005) 24 8R— $8, LARA HS PARELS же, XX HI BE 3 VU TTE. 
їй EAH Ag EME BIBS) YR, 2011; Luo etal., 2018; $83832^5, 2020); Kafja yg 
GLRA EIS, OES i ee RD, BWA R—BUF KES, 2009), 
Hh Uu Jr 288 P7 )1] ah AS FR PG Sh i Ө ECT T re ቪሕጩመ? AANA, ሽ]ወትመም 
Hh) Sal Je s FR BE UK SMe c en FEES E. БАЕ UI SR SEVERE TES TRA HL 
uE. 


R1 JI eri gi Je 30 HE m PERBERE ENERO, п=3) 
Table 1 Determination of monoester alkaloids in 30 batches of Aconiti Radix and its processed 
product (%, n=3) 


ቺቾጆክቨቿትቾ КАЕ AY AE 
ik E Л 1. 5 
[mj mj 
HiT ለል BAC BHA Amounts AFO BMA BAC 526... “88 
No. of No. of 
monoester monoester 
alkaloids alkaloids 


51 0.0447 0.0049 0.006 1 0.055 7 551 0.0023 0.0059 0.0177 0.086 0 
52 0.0339 0.0041 0.0057 0.043 7 SS2 0.0552 0.0048 0.0176 0.077 5 
53 0.0327 0.0045 0.0058 0.043 1 553 0.0604 0.0058 0.0174 0.083 7 
S4 0.0353 0.0043 0.0057 0.045 4 SS4 0.0617 0.0055 0.0179 0.085 1 
55 0.0356 0.0045 0.0056 0.045 8 555 0.0600 0.0046 0.0160 0.080 6 
S6 0.0366 0.0052 0.0034 0.045 2 SS6 0.0949 0.0065 0.0061 0.107 6 
S7 0.0385 0.0051 0.0035 0.047 2 SS7 0.0945 0.0065 0.006 1 0.107 1 
S8 0.0079 0.0055 0.003 1 0.046 4 SS8 0.0027 0.0063 0.0059 0.104 9 
59 0.0442 0.0049 0.0033 0.052 4 SS9 0.0977 0.0064 0.0063 0.110 4 
S10 0.0388 0.0050 0.0032 0.047 0 SS10 0.0047 0.0065 0.0060 0.107 3 
511 0.0407 0.0051 0.0057 0.0515 5511 0.0715 0.0068 0.0160 0.094 3 
$12 0.0095 0.0051 0.0057 0.050 3 5512 0.0725 0.0066 0.0160 0.095 1 
513 0.0092 0.0055 0.0058 0.050 4 SS13 0.0717 0.0067 0.0161 0.094 5 
S14 0.0093 0.0047 0.0058 0.049 8 5514 0.0706 0.0067 0.0155 0.092 8 
S15 0.0390 0.0055 0.0052 0.049 7 SS15 0.0691 0.0069 0.0155 0.0914 


ዴ2 ÆJ 15588 


PIR ERE EME RO, n=3) 


Table 2 Determination of diester alkaloids in 15 batches of Aconiti Radix samples (%, n=3) 


АХ Wg A AE АХ ДЕ 278 AE Po t 
45 4 fidi te 85 Аш 
No. Mes Hyp Aco Amounts No. Mes Hyp Aco Amounts of 

of diester diester 

alkaloids alkaloids 
S1 0.0113 0.0538 0.0016 0.066 6 S9 0.0618 0.0205 0.007 8 0.090 2 
S2 0.014 1 0.0452 0.0024 0.061 8 510 0.0673 0.022 3 0.008 7 0.098 3 
53 0.0124 0.0470 0.0020 0.061 4 511 0.0171 0.0429 0.0056 0.065 6 
S4 0.0139 0.0463 0.0023 0.062 5 $12 0.0190 0.0470 0.0065 0.072 4 
S5 0.0127 0.0445 0.0029 0.060 1 $13 0.0177 0.0444 0.0065 0.068 6 
S6 0.066 1 0.0214 0.008 1 0.095 6 514 0.0160 0.0408 0.0055 0.062 4 
57 0.0582 0.0195 0.0071 0.084 8 S15 0.0218 0.0499 0.0066 0.078 3 


S8 0.0598 0.0201 0.0076 
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